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Abstract
Introduction. Due to the scarcity of cadaveric livers, clinical judgment must be used to avoid futile transplants. However, the
accuracy of human judgment for predicting outcomes following liver transplantation is unknown. The study aim was to
assess expert clinicians’ ability to predict graft survival and to compare their performance to published survival models.
Materials and methods. Pre-transplant case summaries were prepared based on 16 actual, randomly selected liver
transplants. Clinicians specializing in the care of liver transplant patients were invited to assess the likelihood of 90-day graft
survival for each case using (1) a 4-point Likert scale ranging from poor to excellent, and (2) a visual analog scale denoting
the probability of survival. Four published models were also used to predict survival for the 16 cases. Results. Completed
instruments were received from 50 clinicians. Prognostic estimates on the two scales were highly correlated (median r
0.88). Individual clinicians’ predictive ability was 0.6190.13, by area under the receiver operating characteristic curve. The
performance of published models was MELD 0.59, Desai 0.66, Ghobrial 0.61, and Thuluvath 0.45. For three cases,
clinicians consistently overestimated the probability of survival (87910%, 8999%, 8699%); these patients had early graft
failures caused by postoperative complications. Discussion. Clinicians varied in their ability to predict survival for a set of
pre-transplant scenarios, but performed similarly to published models. When clinicians overestimated the chance of
transplant success, either sepsis or hepatic artery thrombosis was involved; such events may be hard to predict before
surgery.
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Introduction
A number of decisions in liver transplantation rely on
estimates of post-transplant outcomes, such as graft
and patient survival. To determine the best treatment
for patients with end-stage liver disease, the chance of
post-transplant survival must be weighed against the
likely outcomes of treatment alternatives, such as
hepatic resection or medical management. When a
patient undergoes a transplant evaluation, the deci-
sion to list the patient depends in part on the
likelihood of transplant success, with the intent of
avoiding transplants that are likely to fail.
The Model for End Stage Liver Disease (MELD) is
widely used for assessing the urgency of need for liver
transplant candidates [1]. By contrast, using clinical
judgment remains the current standard of care for
assessing the likelihood of post-transplant survival.
This fact persists despite the development of pre-
transplant statistical models  including MELD 
that have been proposed to predict post-transplant
outcomes [26]. However, the accuracy of human
judgment, in terms of clinicians’ ability to predict
outcomes following liver transplantation, is unknown.
Researchers in other fields have examined the
predictive ability of clinicians. In oncology, clinicians
consistently overestimated survival for terminally ill
cancer patients [7]. However, their predictions were
highly correlated with actual survival, demonstrating
some discriminatory power. Critical care physicians
had difficulty predicting the length of stay for patients
who were required to stay in the intensive care unit
(ICU) for more than 5 days [8]. However, for ICU
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patients with a shorter length of stay, physicians were
able to predict the length of stay and outcome fairly
accurately, with more experienced clinicians showing
better performance than their less experienced collea-
gues.
The goal of this study was to determine the ability
of clinicians to discriminate between good and poor
outcomes after liver transplantation, and subsequently
to compare the clinicians’ predictive ability with
published statistical models.
Materials and methods
Clinicians at different transplant centers were invited
to participate in the study. They were approached
through e-mail and in person at hepato-pancreato-
biliary conferences. Eligible clinicians included at-
tending physicians who were up to date in the care of
liver transplant patients at the time of the study.
Clinicians from the investigators’ local liver transplant
program were not eligible to participate. All consent-
ing clinicians received a packet, which included a
cover letter, an example item, and the study instru-
ment. The study was approved by the local Institu-
tional Review Board.
Study instrument
Case summaries were prepared based on 16 actual
transplant events that occurred in 20032004 at
Vanderbilt University Medical Center. Four cases
were randomly chosen among patients who were
healthy at last follow-up, with the original graft intact
(range 818 months after transplantation). Four cases
were randomly chosen among patients who experi-
enced a graft failure after 90 days but before 2 years
after transplantation. Eight cases were randomly
chosen among patients who experienced a graft failure
before 90 days.
The medical records for the 16 patients were
abstracted into fully de-identified half-page case
summaries. Information was obtained from all avail-
able data sources, including (1) the electronic medical
records, (2) archived paper charts, (3) the local
transplant database, and (4) the UNOS donor and
recipient information forms. Pre-transplant informa-
tion that could be relevant to the post-transplant
prognosis was considered, including (1) basic demo-
graphic information, (2) history of the liver disease,
(3) medical therapy provided, (4) past medical and
surgical history, (5) family and social history, and (6)
characteristics of the donor liver. While cold and
warm ischemia times are not strictly pre-transplant
information, other researchers have justified their
inclusion in a pre-transplant model on the grounds
that they may be estimated before transplantation [2],
and this information was included in the case sum-
maries.
To ensure that the summaries were readable and
concise, only noteworthy information was included.
For example, the finding of ‘mild encephalopathy’
was not repeated in every case summary, as this
finding is commonly seen in patients with liver failure.
However, severe findings like ‘stage IV hepatic coma’
were always included in the summaries. Participants
were instructed to assume that any findings not
discussed were either within normal limits or other-
wise unremarkable, given the patient’s health status.
For quality control, the face validity of each case
summary was reviewed by the medical and surgical
directors of the local liver transplant program, and by
a fourth-year surgery resident with experience in liver
transplant research. They independently assessed
whether the information provided was (1) adequate
for predicting outcomes, (2) consistent in scope
among the cases, and (3) objectively described to
avoid bias by the writer. An example of a case
summary is shown in Figure 1.
For each case in the study instrument, participants
were asked to assess the likelihood of 90-day graft
survival using (1) a 4-point Likert scale of ‘poor’,
‘fair’, ‘good’, or ‘excellent’; and (2) a visual analog
scale representing the probability of survival. The
participants were asked to provide their age, gender,
clinical specialty, and years of experience in caring for
liver transplant patients after the completion of
specialty training.
Statistical analysis
One of the 16 cases (belonging to the group of
patients that were healthy at last follow-up) was
excluded from the analysis because a factual error
was identified after the study instruments were
mailed. All statistical analyses were performed using
SPSS (version 14.0, SPSS Inc., Chicago, IL, USA).
Descriptive statistics were computed for age, gender,
years of experience, and clinical specialty. For each
clinician, the Pearson correlation was computed
between survival predictions on the Likert scale and
the visual analog scale. The distribution of clinician
predictions on the visual analog scale for each patient
was examined on a box-and-whisker plot and com-
pared with the actual outcome of each case. The
coefficient of variation (defined as the standard
deviation divided by the mean, expressed as a
percentage) was computed as a summary measure of
variability of clinician assessments for each case. The
MannWhitney test was used to determine differ-
ences in the coefficient of variation between trans-
plants with good outcomes versus poor outcomes.
The ability of each individual clinician to predict
90-day graft survival was measured using the area
under the receiver operating characteristic curve
(AUC) with 95% confidence intervals (CIs) [9].
The AUC is a measure of discriminatory power at
all classification thresholds, where a value of 0.5
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denotes no discriminatory value and 1.0 denotes
perfect discrimination. A one-sample t test was used
to determine whether the clinicians’ AUC differed
from 0.5. The MannWhitney test was used to
determine differences in AUC between medical and
surgical specialties. A Spearman rank-order correla-
tion was used to assess the relationship between AUC
and years of experience.
For comparison, four models from the literature
were further validated using the data from the sample
of 15 analyzed case studies [14]. Although MELD
was not originally developed for the purpose of
predicting liver transplant outcomes, a number of
researchers have validated the model for this applica-
tion [1,5,6]. The Ghobrial model is an eight-factor Cox
regression model with a reported c-statistic of 0.69 for
90-day patient survival [2]. The Thuluvath model is a
six-factor logistic regression model that was adapted
for user-friendliness with a reported AUC of 0.7 for
30-day patient survival [3]. The Desai model is a four-
factor Cox regression model with a reported c-statistic
of 0.60 for 3-month patient survival [4]. These four
models were chosen because they have been previously
validated for predicting post-transplant survival using
large cohorts of US liver transplant recipients. The
ability of each model to predict 90-day graft survival
was measured using the AUC.
Results
A total of 50 clinicians returned completed assess-
ment tools (age 4997 years; 45 males, 4 females, 1
unknown). Twelve clinicians were from a medical
specialty, 37 were from a surgical specialty, and one
did not list a specialty. Their reported experience
since completion of specialty training averaged 1396
years. The median correlation between the 4-point
Likert scale and the visual analog scale within each
clinician was 0.88.
The distributions of the clinicians’ prognostic esti-
mates for 90-day graft survival are shown in Figure 2.
Clinicians tended to agree on the prognosis for some
patients and disagree for others, and no relationship
was found between the coefficient of variation and
outcome (p0.487). For case numbers 3, 5, and 7,
clinicians estimated the probability of survival to be
87910%, 8999%, and 8699%, respectively; how-
ever, all three patients had early graft failures due to
postoperative complications. Two patients expired as a
result of postoperative sepsis, and one patient had
hepatic artery thrombosis, leading to retransplanta-
tion.
Individual clinicians’ predictive ability for 90-day
graft survival was 0.61 (95% CI0.580.65), as
assessed by the AUC. This was comparable to the
performance of published statistical models for the
cohort of patients, as shown in Figure 3. The models’
AUC was 0.59 for MELD (95% CI0.290.89);
0.66 for Desai (95% CI0.350.98); 0.61 for
Ghobrial (95% CI0.300.91); and 0.45 for Thu-
luvath (95% CI0.140.75). The CIs for individual
AUC calculations were wide due to the small number
of patients represented in each receiver operating
Figure 1. Example of a finished case summary. All case summaries were presented using the same structured format. Relevant clinical
details from the patient’s medical record were summarized and followed by two measurement tools for estimating the prognosis: a 4-point
Likert scale and a visual analog scale.
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characteristic curve. However, the mean clinician
AUC was significantly different from 0.5 (pB0.001).
There was no difference in predictive ability be-
tween the medical specialties and the surgical special-
ties (p0.231). A statistically significant negative
correlation existed between predictive ability and
years of experience (rho0.288, p0.047).
As noted previously, three case summaries (num-
bers 3, 5, and 7) were identified during the analysis as
challenging to predict. Their effect on clinician
predictions was assessed by re-calculating each clin-
ician’s AUC with the three cases excluded, and a
paired t test was used to determine whether the
clinicians’ AUC changed significantly. When each
clinician’s AUC was re-calculated with case numbers
3, 5, and 7 excluded, the mean clinician AUC
increased by an average of 0.13, which was statistically
significant (pB0.001).
Discussion
These data indicate that clinicians predict 90-day
graft survival after liver transplantation with a mean
AUC performance of 0.61. The four statistical models
from the literature showed similar or worse perfor-
mance than the clinicians.
There were cases on which clinicians tended to
agree, and other cases on which the clinicians tended
to disagree. Furthermore, when clinicians agreed in
their survival predictions for a given patient, the
consensus opinion was not always correct, as shown
by case numbers 3, 5, and 7. These cases were given
optimistic predictions for survival, but fared poorly
due to generalized sepsis or hepatic artery thrombosis.
These postoperative complications may be very diffi-
cult to predict based on pre-transplant information.
Other researchers have postulated that there is a
theoretical limit on how well a pre-transplant model
of liver transplant survival can perform, because
certain complications are affected by perioperative
and early postoperative events [4,1012]. The sub-
stantial improvement in clinician predictions, when
these patients were excluded, is consistent with this
suggestion.
The case studies were selected randomly and
stratified to attain a balance of good and poor
outcomes. The prevalence of severe complications
was higher in the study population than in the overall
population of patients receiving liver transplants.
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Figure 3. Distribution of individual clinicians’ discriminatory
power. The area under the receiver operating characteristic curve
for each clinician is shown, sorted from lowest to highest. The
clinician mean was 0.6190.13. For comparison, the performance of
four baseline models for the cohort of 16 patients is shown on the
right: Desai, 0.66; Ghobrial, 0.61; MELD, 0.59; and Thuluvath,
0.45.
Figure 2. Clinician predictions for 90-day graft survival, shown for each of the 15 analyzed case summaries. The cases are sorted by
outcome, with poor outcomes at the top and good outcomes at the bottom. The box-and-whisker plots show the median, 25% and 75%
values, and extreme values of each distribution. Shown on the right are the actual outcomes together with the cause of graft failure, when
applicable. Three cases highlighted in gray were given favorable estimates of prognosis from the clinicians; however, each of these
transplants resulted in early graft failure. All three of these patients experienced postoperative complications of sepsis or hepatic artery
thrombosis that contributed to the graft failures.
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Considering this, if certain complications of liver
transplantation are inherently hard to predict, then
the predictive ability of a model should be lower with
this limited population than with the general popula-
tion. This is consistent with the observation that the
four published models all showed worse performance
on the limited sample of 15 patients than originally
reported in the literature.
The results showed that more experienced clini-
cians do not predict transplant survival as accurately
as less experienced clinicians. While this correlation
seems counterintuitive, it is consistent with a recent
systematic literature review that linked increasing
experience with decreasing health care quality in
various contexts [13]. The mechanism behind this
phenomenon is unclear; however, this may demon-
strate the importance of continuing medical education
for physicians.
The study has limitations that merit discussion.
First, to maintain a feasible study and achieve an
adequate return rate, only a limited number of cases
were selected, as it took approximately 3060 minutes
for the clinicians to read through and make predic-
tions for the 16 case summaries. Second, the partici-
pants in the study never saw firsthand the patients
they were assessing; all of the predictions were based
on written summaries. The manner of presentation of
the summaries may have been an important influence
on clinician predictions. However, the preparation of
the case summaries included a quality control step in
anticipation of this limitation, and efforts were made
to include all relevant information in the summaries.
Third, the study design does not allow for comment
on what cognitive model of judgment the clinicians
used to predict survival. For example, the case
summaries contained all information necessary to
calculate the MELD score at listing and transplanta-
tion. It is conceivable that clinicians focused primarily
on the MELD score to make predictions, despite the
other information that was provided. However, the
variation in predictive ability between clinicians sug-
gested that this generally did not occur. Also, it would
not have been appropriate to exclude the MELD
laboratory values from the case summaries, since they
were prepared with the goal of providing all pre-
transplant information that would likely affect the
post-transplant prognosis.
In conclusion, the overall ability of clinicians to
predict survival for a set of pre-transplant scenarios was
relatively modest, similar to the performance of pub-
lished survival models. A negative correlation
was found between predictive ability and years of
experience. Our data are consistent with the postulate
that certain postoperative complications of liver trans-
plantation may be inherently hard to predict before
surgery.
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